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Abstract
Recently there has been a huge interest in the diphoton excess around 750 GeV
reported by both ATLAS and CMS collaborations, although the newest analysis
with more statistics does not seem to support the excess. Nevertheless, the diphoton
channel at the LHC experiments are a powerful tool to probe a new physics. One of
the most natural explanations of a diphoton excess, if it occurs, could be a new scalar
boson with exotic colored particles. In this setup, it would be legitimate to ask what
is the role of this new scalar in nature. A heavy neutral gauge boson (Z ′) is one of
the traditional targets of the discovery at the collider experiments with numerous
motivations. While the Landau-Yang theorem dictates the diphoton excess cannot
be this spin-1 gauge boson, there is a strong correlation of a new heavy gauge boson
and a new scalar boson which provides a mass to the gauge boson being at the
same mass scale. In this paper, we point out a simple fact that a new scalar with
a property similar to the recently highlighted 750 GeV would suggest an existence
of a TeV scale Z ′ gauge boson that might be within the reach of the LHC Run 2
experiments. We take a scenario of the well-motivated and popular gauged B − L
symmetry and require the gauge coupling unification to predict the mass and other
properties of the Z ′ and illustrate the discovery of the Z ′ would occur during the
LHC experiments.
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1 Introduction
In late 2015, both ATLAS and CMS have reported the existence of a diphoton excess
with an invariant mass around 750 GeV with signals at the level of 3.6σ (ATLAS) and
2.6σ (CMS) [1, 2]. During the Moriond 2016 conference ATLAS and CMS have reported
new results that show slightly increased statistical significance of the diphoton excess [3].
The newest analysis with more statistics released during the ICHEP 2016 conference does
not support this diphoton excess [4].
Although it seems the 750 GeV diphoton excess may not be the real signal at this point,
it is interesting to see the extensive studies of this diphoton excess have appeared; models
of a composite state/a pseudo Numb-Goldstone boson [5], extra dimensional models [6],
models including additional charged fermions/scalars [7], models with an extended gauge
symmetry [8], models with an extended Higgs sector [9], possible link with the dark
matter [10] and the model independent studies [11]. They suggest the diphoton excess
search at the LHC experiments is a powerful tool to look for a new physics beyond the
standard model (SM).
On the other hand, there have been huge efforts in building models and experimental
searches for a new heavy neutral gauge boson (Z ′) motivated from various contexts [12].
Although the Landau-Yang theorem [13] prohibits a heavy vector boson to be the source
of the diphoton excess, there may be a strong link between the Z ′ and the diphoton
excess. A new heavy gauge boson requires a new mass generation mechanism as the SM
Higgs boson cannot explain its mass. Although there might be other ways to generate
the mass such as the Stueckelberg mechanism [14], a new scalar boson at the same mass
scale would be a natural companion of a new gauge boson in the same manner the SM
Higgs boson of the weak scale is a companion of the SM weak gauge bosons. Therefore a
discovery of a new scalar boson might be a hint of the existence of a new gauge boson at
the same scale, whose discovery might be just around the corner perhaps using the same
high-energy collider machine.
In this paper, we discuss that a heavy scalar field S whose role is to give a mass to
the same scale Z ′ can be a good candidate to explain the diphoton excess, if observed.
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For the illustration purpose, we will assume a new scalar S has a similar property as the
aforementioned 750 GeV scalar. We will take its mass, width, and branching ratios are
consistent with the reported data of 2015 [1, 2] in our quantitative study. We will basically
assume the situation the 750 GeV diphoton excess is still valid, although in reality it does
not seem to be that way anymore as we discussed in the beginning, instead of taking a
new heavy scalar with somewhat similar but different property. For definiteness, we take
the Z ′ as a gauge boson of the U(1)B−L gauge symmetry although our analysis can apply
to other choices of the U(1) gauge symmetry. The B−L is one of the most natural gauge
extensions of the SM as it does not require any fermionic matter particles for the chiral
anomaly cancellation except for the three right-handed neutrinos [15] that are highly
motivated from the nonzero neutrino masses.
As is clear from the success of the electroweak theory, it is worthwhile to look for
possible ways leading to the grand unified theory (GUT) [16]. The GUT can be a guiding
principle for physics beyond the standard model, in which the SM gauge interactions are
unified at a very high energy scale. As is also well known, however, the SM fails to achieve
the coupling unification by simply extrapolating the running gauge couplings toward a
very high energy. Therefore, the ideas of the GUT inevitably require new charged particles
with masses above the electroweak scale but below the unification scale.#1
When we introduce the U(1)B−L and require the gauge coupling unification, the im-
plication of a new heavy scalar for the TeV scale Z ′ property becomes highly specific and
we can estimate the mass of the Z ′ in this scenario. As we will see, within perturbative
models, a large number of colored exotics are necessary to fit the cross section of the
750 GeV diphoton excess, otherwise the B − L breaking scale would be too small to be
consistent with the current experimental constraints.
In this paper, we give a possible link between the Z ′ and the possible diphoton excess,
taking a recently issued 750 GeV case as an example, and show a viable model which
predicts the TeV scale Z ′. The LHC experiments, according to our study, has a high
potential to discover this TeV scale Z ′ in its Run 2.
#1General discussion on building models with the gauge coupling unification by introducing charged
particles is shown in Ref. [17].
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The outline of the rest of this paper is given as following. In Sec. 2, we discuss the
gauge coupling unification briefly. In Sec. 3, we present our working model to illustrate
our point. In Sec. 4, we estimate the 750 GeV diphoton cross section in the model. In
Sec. 5, we predict the Z ′ mass from the assumed 750 GeV diphoton cross section and
the gauge coupling unification. In Sec. 6, we discuss the constraints on the other decay
modes of the 750 GeV scalar. In Sec. 7, we discuss the validity of our analysis and show
how generic our conclusions are. In Sec. 8, we summarize our study.
2 Gauge coupling unification
We take the GUT as a guiding principle, and impose the gauge coupling unification by
introducing new charged particles at TeV scale. In what follows, let us consider the case
that the new particles have the universal mass scale M∗. At the one-loop level, the SM
gauge coupling constants at the GUT scale can be written as
α−1a (MGUT) = α
−1
a (MZ)−
bSMa
2pi
ln
M∗
MZ
− ∆a
2pi
ln
MGUT
M∗
, (a = 1, 2, 3), (1)
where αa = g
2
a/(4pi) with ga’s being the three gauge coupling constants of the SM [17].
The parameter ba’s are the coefficients of the beta functions, and b
SM
a denotes their SM
value: (bSM1 , b
SM
2 , b
SM
3 ) = (41/10,−19/6,−7). At the energy scales above M∗, new charged
particles change ba’s, which are parametrized by ∆a ≡ ba − bSMa with ba’s including new
particle contributions.
From a viewpoint of the GUT idea, low energy gauge couplings are determined by
a single gauge coupling at the GUT scale by taking into account appropriate threshold
corrections. We need to specify a concrete GUT model in order to evaluate the threshold
corrections. In this study, however, instead of specifying a GUT model, we show how
large corrections are required to unify the gauge couplings by utilizing
Nth ≡ 2pi|∆α−1| = 2pi|α−11,2(MGUT)− α−13 (MGUT)|, (2)
where we define the GUT scale MGUT to be α
−1
1 (MGUT) = α
−1
2 (MGUT). For instance, the
threshold parameters in the supersymmetric SM lead to Nth . 5 [18] when superparticles
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are around TeV scale. Once we fix the universal mass scale M∗, the MGUT can be deter-
mined by the value of the difference ∆2−∆1 from Eq. (1). Then, we can evaluate Nth by
taking a certain value of ∆3 −∆1,2. Figure 1 shows all possible choices of ∆2 −∆1 and
∆3−∆1, for a case of M∗ = 3 TeV. (This M∗ value is motivated from the dark matter relic
density constraint as will be explained in the following section.) The SM corresponds to
(∆2−∆1,∆3−∆1) = (0, 0) in the figure. We show Nth < 5 region as a reference, which is
depicted by the blue region. For upper bound on ∆2−∆1, we require that the GUT scale
should be smaller than the Planck scale MPL ' 1.22 × 1019 GeV so that the unification
is realized perturbatively. The lower bound on ∆2 − ∆1 comes from the observed limit
of the proton life time, which we take τp ∼ α−2U m−5p M4GUT > 8.2 × 1033 yr. [19], where
αU ≡ α1,2(MGUT) and mp is the proton mass. Here, we have assumed that only the GUT
gauge bosons with a mass of MGUT may cause the proton decay such as p→ pi0e+.
3 Model
There exist a large number of possible models that can realize the unification, and also
explain the diphoton excess at the LHC. Instead of listing such possible models, we restrict
ourselves to the case that the additional particles are only squark-like scalar particles
(Q˜, U˜ , D˜), one wino-like triplet fermion (W˜ ) and one bino-like singlet fermion (B˜) with
the following quantum numbers,
Q˜ = (3, 2, 1/6), U˜ = (3, 1, 2/3), D˜ = (3, 1,−1/3),
W˜ = (1, 3, 0), B˜ = (1, 1, 0). (3)
Under this assumption, we can write ∆2 −∆1 and ∆3 −∆1 as
∆2 −∆1 = 1
15
(7nQ˜ − 4nU˜ − nD˜ + 20nW˜ ), (4)
∆3 −∆1 = 1
10
(3nQ˜ − nU˜ + nD˜), (5)
where the number of the introduced particles are denoted by nQ˜, nU˜ , nD˜, and nW˜ for
Q˜, U˜ , D˜, and W˜ , respectively [17]. Then, we can find a solution for the unification,
nQ˜ = nU˜ = nD˜ = 10 and nW˜ = 1, which corresponds to the red point in Fig. 1. There
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Figure 1: Each gray dot represents a possible choice of ∆2 −∆1 and ∆3 −∆1. We take
M∗ = 3 TeV. The blue region is where the condition of Nth < 5 (for satisfactory gauge
coupling unification) holds. The regions ∆2 −∆1 . 1.5 and ∆2 −∆1 & 2.7 are excluded
by the rapid proton decay and the requirement of MGUT < MPL, respectively. The red
point (∆2 −∆1,∆3 −∆1) = (8/3, 3) corresponds to the model considered in Sec. 3.
also exist many possible models that can achieve gauge coupling unification, and this
particular choice is one of them.
As we will discuss later, W˜ is important not only for the gauge coupling unification
but also for the colored scalars to decay, although it does not have strong relevance in
discussing collider phenomenology of the colored exotics, the scalar S and the Z ′. In the
case that W˜ is not lighter than the colored scalars, we need alternative particle so that
the colored scalars can decay. B˜ can play this role, while it has nothing to do with the
gauge coupling unification, which we will also discuss later.
It should be noted that this model requires a large mass splitting in the GUT spectrum,
which is similar to the so-called triplet-doublet splitting problem. Although this splitting
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suggests a fine-tuning which might need to be addressed eventually, we do not address
this as it is likely linked to the triplet-doublet splitting, and just concentrate on the
phenomenological aspects.
One important fact about this model is that a rapid proton decay is inevitable due
to the tree-level contributions of the D˜ scalars in a similar way a fast proton decay is
mediated by the squarks in the supersymmetric models without the R-parity. One of the
convincing symmetries to forbid such a harmful process is the B − L symmetry. It is
natural to consider the B −L as a gauge symmetry in the context of quantum gravity in
which any global symmetry might not be respected [20]. The global B − L symmetry in
the SM can be promoted to the local B−L symmetry by introducing three right-handed
neutrinos, N ’s, which are well motivated by the current neutrino data. We summarize the
particle content of the model under consideration in Tab. 1 where S denotes a complex
scalar that breaks the U(1)B−L spontaneously.
Let us comment on the case that the exotic colored particles are fermions. The purpose
of this paper is illustrating a possible connection between the potential diphoton excess
at the LHC and a new gauge symmetry by using a specific example. As we picked
the U(1)B−L for the illustration, we do not need any additional fermionic fields (except
for three right-handed neutrinos that are naturally introduced to explain the neutrino
mixings) that are usually required for the anomaly cancellations, and we use only the scalar
fields Q˜, U˜ and D˜ for the exotic colored particles. For any other U(1) gauge symmetries,
additional fermions that are charged under the SM gauge groups are required and some
of them can be the colored exotics. Our approach and analysis, however, basically applies
to those more general U(1) gauge symmetries with a suitable choice of the exotic colored
fermions.
Once we introduce the B − L gauge symmetry, we have an additional gauge boson,
denoted by Z ′, whose mass is determined by the mass scale of B −L symmetry breaking
and the B−L gauge coupling constant at the electroweak scale. From a viewpoint of the
GUT, we expect that the B − L gauge coupling at the electroweak scale is also derived
from the universal coupling at the GUT scale. If we impose the B−L charge on the new
particles as shown in Tab. 1, we obtain α−1B−L(MZ) ' 110, where the coefficient of the beta
6
SU(3)C SU(2)L U(1)Y U(1)B−L
Q˜’s 3 2 1/6 1/3
U˜ ’s 3 1 2/3 1/3
D˜’s 3 1 −1/3 1/3
W˜ 1 3 0 0
B˜ 1 1 0 0
N ’s 1 1 0 −1
S 1 1 0 2
Table 1: Quantum numbers of the additional particles in the model.
function of the B − L gauge coupling constant is given by bB−L = 26/3 (µ < M∗) and
148/9 (µ > M∗) [21]. The evolution of the gauge coupling constants is shown in Fig. 2,
where we assume all of the new particles including N and S to be the same mass scale
M∗, taking M∗ = 3 TeV for the illustration. This particular choice of M∗ is not relevant
for our result though, and we will take the mass of S as 750 GeV in Sec. 4.
It should be noted that W˜ having mass around 3 TeV can be a good candidate of a dark
matter, as it has a similar property of the well-known wino dark matter candidate in the
supersymmetric models [22, 23], where the relic abundance is determined by annihilation
into the electroweak gauge bosons. In this case, the neutral component of W˜ should be
slightly lighter than Q˜’s, U˜ ’s and D˜’s so that it is the lightest stable particle#2.
Because of the existence of B˜ in our model, if kinematically allowed, U˜ and D˜ can
decay into B˜ and right-handed quarks via dimension four operators in a similar way to
the quark-squark-bino interactions in the supersymmetric models. Thus, U˜ and D˜ can
decay fast before the big bang nucleosynthesis (BBN) starts.#3 Depending on the mass,
B˜ or W˜ can be a dark matter candidate. Here, let us briefly comment on the case that B˜
#2Alternatively, the stability of W˜ can be ensured by imposing Z2 symmetry.
#3 When U˜ and D˜ are heavy enough, they can decay before the BBN even without introducing B˜. By
assuming that U˜ is slightly larger than Q˜ and W˜ , U˜ can decay into u, q and Q˜ via the dimension five
operator M−1GUT(u¯U˜)(Q˜
†q), where u and q are up-type quark and left-handed quark doublet, respectively.
Since the decay width is given by ΓU˜ ∼ (8pi)−3(MU˜/MGUT)2MU˜ where MU˜ is the mass of U˜ , the decay
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Figure 2: The unification of the SM gauge coupling constants and the B−L gauge coupling
constant. The intermediate scale (mass of the exotic particles) is fixed as M∗ = 3 TeV,
and µ denotes the renormalization scale.
is the lightest particle. In the supersymmetric models, it is known that if the bino is the
lightest supersymmetric particle, its thermal abundance exceeds the observed dark matter
abundance. On the other hand, coannihilation effect with other superparticles, e.g., wino,
can reduce the bino abundance so that the overproduction of bino can be evaded [24].
The situation is similar in our model, and it turns out that B˜ can be a good candidate
of a dark matter if the coannihilation with W˜ is effective. In this case, the mass of B˜ is
less than 3 TeV, where the typical mass difference between B˜ and W˜ is O(10) GeV.
temperature becomes
TD '
(
45
4pi3g∗
M2PLΓ
2
U˜
)1/4
∼ 2 MeV ×
(
100
g∗
)1/4(
MU˜
20 TeV
)3/2(
1016 GeV
MGUT
)
(6)
with g∗ being the effective number of degrees of freedom. To obtain this expression, we equate ΓU˜ with
HD, the Hubble parameter at TD. Thus, when the decay temperature satisfies TD & 1 MeV by taking
larger values of MU˜ , the stringent bound from the BBN may be evaded. The decay of D˜ is the same as
that of U˜ . The produced Q˜ immediately decays into W˜ and q via the interaction of q¯W˜ Q˜ as long as W˜
is lighter than Q˜.
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The potential of scaler fields is given by
V = VH(H) + VS(S) + VHS(H,S) +
∑
Φ
[VΦ(Φ) + VHΦ(H,Φ) + VSΦ(S,Φ)], (7)
VH(H) = −µ2H |H|2 + λH(|H|2)2, VS(S) = −µ2S|S|2 + λS(|S|2)2, (8)
VΦ(Φ) = µ
2
Φ|Φ|2 + λΦ(|Φ|2)2 +
∑
Φ′ 6=Φ
λΦΦ′ |Φ|2|Φ′|2, (9)
VHS(H,S) = λHS|H|2|S|2, VHΦ(H,Φ) = λHΦ|H|2|Φ|2, (10)
VSΦ(S,Φ) = λSΦ|S|2|Φ|2, (11)
where Φ denotes Q˜’s, U˜ ’s and D˜’s. Only the SM Higgs field H and the B − L scalar
field S are responsible for the spontaneous breakdown of the electroweak and the B − L
symmetries, respectively, and other scalar fields do not have a non-vanishing vacuum
expectation value (VEV). After the symmetry breaking, one can write S ∼ f+(s+iρ)/√2,
where s and ρ are the real and imaginary part of S in physical basis. The physical masses
of the Higgs boson and B − L scalar are given by
M2H ' λHv2 −
(4λHSfv)
2
λSf 2 − λHv2 , M
2
s ' λSf 2 +
(4λHSfv)
2
λSf 2 − λHv2 , (12)
where we define the VEVs of H and S as 〈H〉 ≡ v and 〈S〉 ≡ f , and the mass matrix of
S and H is diagonalized by the mixing angle tan 2θ = 4λHSfv/(λSf
2 − λHv2). It should
be noted that the interactions between the SM Higgs field and the Φ’s affect the Higgs
decays such as H → γγ. Those effects are, however, constrained by the observed Higgs
decays, and thus, λHΦ/M
2
∗ is constrained to be small, which does not affect our analysis.
The λHS is also constrained to be small by the bound on the s → HH mode branching
ratio [33].
Some of the relevant couplings for the loop correction to the λHS (which are λHS and
λHΦ) are set to be sufficiently small at the tree level so that the loop corrected value for
this λHS can satisfy the experimental constraints from the aforementioned s→ HH and
the H → γγ.
There are two possible contributions to the masses of the colored exotics (Φ’s), M2∗ =
µ2Φ + λSΦf
2, and we take it is dominated by the latter so that the colored exotics have
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the same scale as the B−L breaking scale. This common mass scale between the colored
exotics and the B − L breaking scale would be rather straightforward when the colored
exotics are vector-like fermions, but in our illustration with the colored scalar exotics, it
is basically an assumption in the low-energy description of the model. So we assume the
colored exotic masses are given dominantly by the VEV of the B − L scalar S,
M2∗ ' λSΦf 2. (13)
In this model, the new scalars Φ’s couple to the B − L scalar S in the potential term
VSΦ. The interactions among s and Φ’s can be written as
L ⊃ gsΦfsΦ†Φ (14)
by which s can decay into two gauge bosons via loop effects of Q˜’s, U˜ ’s and D˜’s. Thus,
the relation of Eq. (13) can be translated into the coupling of the 750 GeV scalar s to the
exotic colors as gsΦ ≡
√
2λSΦ '
√
2M2∗/f
2.
4 New diphoton excess
The decay of the singlet s into γγ is induced by the loop contributions of Φ’s. The decay
width of this mode is given by
Γγγ =
α2M3s
1024pi3
∣∣∣∣∣∑
Φ
gsΦf
M2∗
NγγΦ Q
2
ΦA0(τΦ)
∣∣∣∣∣
2
, (15)
where α = (3/5)α1, and the sum of Φ runs over the relevant particles in the loop, and N
γγ
Φ
and QΦ are the number of the particle and its electromagnetic charge, respectively. In our
case, NγγΦ is given by N
γγ
Q˜
= 6nQ˜, N
γγ
U˜
= 3nU˜ , N
γγ
D˜
= 3nD˜ with the nQ˜ = nU˜ = nD˜ = 10.
(When we limit ourselves to the case of the uniform number of copies of the colored exotics,
i.e., nQ˜ = nU˜ = nD˜, it turns out our choice of the 10 copies is the only possibility. For
detailed discussion, see section 7.) A0(τΦ) is the loop function with τΦ ≡ 4M2s /M2∗ [25].#4
#4 The loop function A0(x) is given by
A0(x) = −x2(2x−2 + 3x−1 + 3(2x−1 − 1)f(x−1)), (16)
f(x) =
 arcsin
2(x1/2) (x ≤ 1)
− 14
[
log
(
1+
√
1−x
1−√1−x
)
− ipi
]2
(x > 1)
. (17)
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Figure 3: The favored region by the 750 GeV diphoton excess in the M∗ and gsΦ parameter
space. The two red bands are the parameter regions that give the cross section σ(pp →
s → γγ) = 6 ± 1 fb for a choice of the total decay width of Γtot = 45 GeV and 5.3
GeV. (See the text for more detail.) The red hatched line corresponds to the Γmintot , the
minimum decay width from the unavoidable decay channels. The entire parameter region
in the panel satisfies Nth < 5, and the very precise gauge coupling unification (Nth < 1) is
achieved in the blue region. The light gray region is excluded by requiring MGUT < MPL.
The constraints on the Z ′ mass from the LEP II and the LHC are presented by the hatched
green line and the hatched orange line, respectively.
The production of the s is mainly given by gluon-gluon fusion at the LHC. At the
leading order, the cross section of pp→ s→ γγ is given by
σ(pp→ s→ γγ) ' pi
2
8
1
S
Γgg
Ms
Br(s→ γγ)dLgg
dτs
, (18)
where Γgg and Br(s → γγ) are the decay width of s → gg and the branching fraction
of s → γγ, and the narrow width approximation is used. The decay width of s → gg is
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given by
Γgg =
α23M
3
s
512pi3
∣∣∣∣∣∑
Φ
N ggΦ
gsΦf
M2∗
A0(τΦ)
∣∣∣∣∣
2
, (19)
where N ggΦ counts the number of particles of the SU(3)C representation in the loop [25],
where we have N gg
Q˜
= 2nQ˜, N
gg
U˜
= nU˜ , N
gg
D˜
= nD˜ with the given nQ˜ = nU˜ = nD˜ = 10. In
Eq. (18), τs is defined by τs ≡ M2s /S where S is the squared center-of-mass energy. The
gluon-gluon collision luminosity is given by
dLgg
dτs
≡
∫ ln(1/√τs)
− ln(1/√τs)
dyfg/p(τs, y)fg/p(τs,−y), (20)
where fg/p is the gluon distribution function in a colliding proton, and y is the rapidity
of the colliding gluon-gluon system. In a numerical analysis, we utilize the distribution
function of MSTW 2008lo [26].
The combined analysis of the ATLAS and CMS gave the cross section σ(pp → s →
γγ) ' 6±1 fb (95% CL) in 2015 [27]. We show the favored region by the σ(pp→ s→ γγ)
measurement in M∗ and gsΦ parameter space in Fig. 3, which is depicted by the red bands.
The two red bands correspond to the Γtot = 45 GeV and 5.3 GeV, which corresponds
to the fitted total decay width in ATLAS and the diphoton invariant mass resolution in
ATLAS, respectively, reported in 2015 [1]. Our model has the minimum width (Γmintot )
for the 750 GeV scalar s from the unavoidable decay channels of s → gg/γγ/WW/ZZ
and Zγ, which is approximately Γmintot ' 0.5 GeV when the cross section of the 750 GeV
diphoton excess is explained, and it corresponds to the hatched red line in Fig. 3. The
total decay width depends on the unknown decay modes as well #5, which are not fixed
yet and can be considered arbitrary at this stage. We will discuss more about the 750
GeV scalar decay width in Sec. 6.
The GUT scale is fixed by only M∗, and we put a lower bound, M∗ & 630 GeV, by
requiring MGUT < MPL, which is shown in the light gray region. The bounds from squark
#5There exist other possible decay channels such as s → NN which will be discussed in Sec. 6. The
minimum decay width, Γmintot means the total width obtained by turning off these channels. This can be
realized by, for instance, taking the mass of N larger than Ms/2.
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searches are also equivalent to the bounds on M∗. The current sbottom searches at the
LHC experiments give M∗ & 700 GeV provided that the lightest supersymmetric particle
is O(100) GeV [28], and the diphoton excess can be explained in most of the parameter
region of our model. In all parameter region shown in Fig. 3, the accuracy of the coupling
unification is within the range of Nth < 5, and we show the very precise gauge coupling
unification region (Nth < 1), which is the blue region.
5 Implications for a new heavy gauge boson
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Figure 4: The left panel is a translation of Fig. 3 to the M∗ and MZ′ parameter space. The
favored region for the 750 GeV cross section σ(pp → s → γγ) = 6 ± 1 fb with the total
width being Γtot = 45 GeV, 5.3 GeV is shown in the red band. The predicted MZ′ is not
sensitive to the M∗ as long as M∗ ≥ 1 TeV (flat region). In the blue region, very precise
gauge coupling unification (Nth < 1) is achieved. The right panel shows how the MZ′
prediction varies with Γtot for the flat band region (M∗ ≥ 1 TeV) with a specific choice of
M∗ = 3 TeV. The dark gray region in the right panel is eliminated by Γtot < Γmintot .
The gauged U(1)B−L symmetry in our model leads to the existence of a new gauge
boson, Z ′, whose mass is predicted by the condition of the gauge coupling unification and
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the diphoton signal at the LHC. The mass of Z ′ is generated via the spontaneous B − L
breaking, and hence
M2Z′ = 8g
2
B−Lf
2, (21)
where g2B−L = 4piαB−L is the U(1)B−L gauge coupling constant. As discussed in Sec. 3, if
αB−L is also unified at the GUT scale, the low energy value of αB−L can be derived from
the universal coupling constant αU(MGUT) which is a function of M∗ in our setup. On
the other hand, the B − L breaking scale f is related to the coupling gsΦ. Therefore, if
the diphoton signal is confirmed, the scale of Z ′ can also be predicted in our model.
In the left panel of Fig. 4, we show σ(pp→ s→ γγ) as a function of M∗ and MZ′ . As
the figure shows, the M∗-dependence of the predicted MZ′ is weak because the TeV-scale
M∗ does not change αB−L at the electroweak scale sensitively. This weak dependence
even practically vanishes for M∗ ≥ 1 TeV. The very precise gauge coupling unification
(blue region) also corresponds to this case.
The LEP-II experiment gave the bound on the ratio of Z ′ mass and the coupling
constant, MZ′/gB−L & 6.7 TeV using a contact interaction [29], which is shown by the
green hatched line. Currently, the LHC 8 TeV has set more stringent constraint on the
Z ′ mass as MZ′ & 3 TeV [30] (see also Ref. [31]) using a dilepton bump search, which is
presented by the orange hatched line. It should be noted that the LHC gives the bound
on the (MZ′ , σ(pp→ Z ′) ·Br(Z ′ → l+l−)) plane, where σ(pp→ Z ′) and Br(Z ′ → l+l−) are
the production cross section of Z ′ and its branching fraction into dilepton, respectively.
The LHC bound in the figure does not include the Z ′ decay into the colored scalars. In the
case of 2M∗ . MZ′ , however, the decay into pairs of the colored scalars is kinematically
allowed, by which the bound would get relaxed #6, while it does not affect our main
results. In the future LHC experiments, while collider signatures of such new decay
modes strongly depend on the decay of the colored scalars, it is interesting to investigate
collider phenomenology of this channel.
In order to explain the 750 GeV diphoton cross section, a smaller total decay width
requires a larger B−L breaking scale. This is because the proportionality of the diphoton
#6The LEP-II bound may also be slightly changed as the Z ′ total decay width increases.
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cross section is approximately given by
σ(pp→ s→ γγ) ∝ ΓggΓγγ
MsΓtot
∝ M
5
s
f 4Γtot
, (22)
and thus f and Γtot need to balance with each other so that the 750 GeV cross section
can be achieved. This leads to the Γtot-dependence of the MZ′ , which is shown in the
right panel of Fig. 4. By using α−1B−L(MZ) ∼ 110 of Fig. 2, the VEV f can be obtained
from the MZ′ as f ∼ 0.96 MZ′ from Eq. (21). While we take M∗ = 3 TeV for definiteness
in the right panel of Fig. 4, the result remains almost the same for M∗ ≥ 1 TeV or
when the gauge coupling unification is very precise (Nth < 1) as is clear from the left
panel of Fig. 4. The dark gray region in the right panel of Fig. 4 is excluded because
it results in Γtot < Γ
min
tot . Therefore, MZ′ is predicted to be in the range of 3.5 TeV .
MZ′ . 11 TeV in our model in order to satisfy the cross section of the 750 GeV scalar.
The lower bound on the MZ′ (Γtot = 45 GeV case) is very close to the bound from the
dilepton resonance search with the LHC 8 TeV data (orange hatched line). Considering
the assumed width is actually rather large, when we require the width to be at least the
5.3 GeV, we get 3.5 TeV .MZ′ . 5.8 TeV, which is expected to be covered by the LHC
Run 2 experiments [32].
A possible connection between the 750 GeV diphoton excess and the Z ′ that we
established in this work also implies interesting decay modes of the Z ′. For instance, the
decay channel induced by loop contributions of the exotic colored particles Φ, Z ′ → sγ/sZ
followed by s→ gg will be a direct indication that the 750 GeV diphoton excess is linked
to the TeV-scale Z ′. There are other important decay modes such as Z ′ → sγ/sZ followed
by s→ NN , which is relevant for the relatively large Γtot case (see the following section).
Before closing this section, let us discuss an influence of a non-zero µΦ (the bare mass
term of the squark-like particles) on our results. It appears only through the relation of
Eq. (13) where we have assumed that the masses of the colored exotics dominantly come
from the VEV of S. Now, we discuss how much the prediction of the MZ′ can be affected
by a non-zero value of the µΦ. By using δ ≡ µ2Φ/(λSΦf 2), the colored exotic masses are
given by
M2∗ = λSΦf
2(1 + δ) (23)
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where δ = 0 leads to our predictions for the MZ′ in Fig. 4. As discussed in this section,
the scale f can be obtained from the cross section σ(pp → s → γγ) because of its
proportionality σ(pp → s → γγ) ∝ ΓggΓγγ ∼ (1/f 2)2. By substituting Eq. (23) into
Eqs. (15) and (19), we now obtain
Γγγ,Γgg ∝
∣∣∣∣gsΦfM2∗
∣∣∣∣2 = 2f 2(1 + δ)2 ≡ 2f ′2 , (24)
and thus, we have σ(pp → s → γγ) ∝ ΓggΓγγ ∼ (1/f ′2)2. The f ′ can be obtained from
the 750 GeV diphoton cross section, and it serves as a upper bound on the f . In other
words, our results for δ = 0 (MZ′|δ=0) in Fig. 4 can be translated into those for δ 6= 0
(MZ′|δ 6=0) by using MZ′|δ 6=0 = MZ′ |δ=0/(1 + δ) from Eq. (21). Now, the result of Fig. 4
can be understood as the upper bound on the MZ′ , which is the MZ′ itself when the bare
mass term is zero.
6 Other experimental constraints
Since our model involves the SU(2)L and/or U(1)Y charged particles, s can also decay into
electroweak gauge bosons such as WW,ZZ and Zγ. Being consistent with our approach
of taking the late 2015 situation as our example, we use the extrapolated values from the
limit of 8 TeV to that of 13 TeV [33].
In our case, the ratios of the decay widths (see Ref. [34]) are
Γ(s→ WW )
Γ(s→ γγ) ∼ 7 < 20,
Γ(s→ ZZ)
Γ(s→ γγ) ∼ 3 < 6,
Γ(s→ Zγ)
Γ(s→ γγ) ∼ 0.5 < 2, (25)
where the rightmost side in each equation shows the extrapolated values by assuming the
production cross section at 13 TeV is about five times larger than that at 8 TeV, which
is reasonable if the production is mainly through the gluon fusion.
As reported in Refs. [1, 2], the best fit value of the total width of the 750 GeV excess
was 45 GeV. Let us briefly discuss this point. In our setup, the 750 GeV scalar s can decay
into three pairs of right-handed neutrinos via the interaction of (κ/2)SNCiNi (i = 1, 2, 3)
with the partial width
3∑
i=1
Γ(s→ NiNi) = 3λS
8pi2
(
MN
Ms
)2(
1− 4M
2
N
M2s
)3/2
, (26)
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where we have used M2s = 2λSf
2 and a common Majorana mass MN = κf . When the
right-handed neutrino mass is M2N = M
2
s /10 ∼ (237 GeV)2, the decay width can be
maximally large,
∑3
i=1 Γ(s → NiNi) ∼ 4.2 × λS. Therefore, a sizable coupling of the λS
may realize the large decay width. All three pairs of the produced N can decay into `W±
with W± → jj/`ν, which can be investigated in future collider experiments. This large
width of the 750 GeV scalar predicts the relatively light Z ′, MZ′ ' 3.5 TeV, which is only
slightly above the current bound on the Z ′ mass. In this scenario, the discovery of the Z ′
at the LHC Run 2 may occur very soon.
7 Discussion on the possible models
There potentially exist many possibilities in choosing the exotic particle contents, besides
the one we chose in section 3, that can account for the potential diphoton excess. Here
let us briefly look at the other choices of the exotic particle contents.
Once a certain value of M∗ is fixed, we obtain N
γγ
Φ Q
2
Φ, N
gg
Φ and αB−L(MZ) by requiring
the gauge coupling unification. Then, the cross section σ(pp→ s→ γγ) can be written as
a function of f , which is determined by taking an appropriate value of σ(pp → s → γγ)
(and also the total width). As a result, MZ′ is predicted for a given model.
As a matter of fact, it turns out, with the M∗ = 3 TeV motivated from the dark matter
relic density constraint, when we assume the same number of copies for the colored exotics,
i.e., nq˜ ≡ nQ˜ = nU˜ = nD˜, and take the gauge coupling unification threshold Nth < 5,
our choice of nq˜ = 10 in section 3 is the only viable model that can explain the diphoton
excess of the 750 GeV example while satisfying all relevant experimental constraints. (The
nq˜ = 9 case predicts MZ′ ≈ 3.0 TeV, which is almost the exact bound given by the CMS
search only for the Z ′ [30, 31]. Since the experimental bound should be stronger when it
is combined with the ATLAS result, we take this case is excluded.)
If we relax the condition for the Nth, e.g., Nth < 10, the diphoton excess can be also
explained by models with the smaller nq˜ (nq˜ = 6 − 8). The scale of f in these models,
however, needs to be smaller than that of the nq˜ = 9 case in order to explain the diphoton
excess, which predicts MZ′ < 3 TeV, and get excluded by the data. Therefore, the
relaxation of the Nth does not change our conclusion of this paper at a meaningful level.
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It should be noted that if we take nQ˜, nU˜ and nD˜ independently, we have more variety
of models which can explain the diphoton excess. To get a viable MZ′ (> 3 TeV), we have
checked that nQ˜ ≥ 9 and nU˜ ≥ 9 is needed in this case, e.g., (nQ˜, nU˜ , nD˜) = (9, 9, 10),
(9, 10, 8), (9, 11, 6). While there may exist many possible choices when we consider this
non-universal number of copies for the colored exotics, we do not pursue the analysis of
this diversity since our aim of this paper is to illustrate a possible connection between the
potential diphoton excess and the Z ′ with a working example.
Consequently, we can state that our analysis and conclusions with the choice of nq˜ =
10 is rather generic (as long as the uniform number of copies of the colored exotics is
considered), and it is fairly insensitive to the GUT threshold Nth < 5.
8 Summary
One of the most natural explanations of the potential diphoton excess signals at the LHC
experiments, like the recently highlighted 750 GeV case, could be a new scalar boson
that couples to the exotic SU(3)C × U(1)em charged particles. Although those particles
indicate new physics beyond the SM, the role of them in nature is unclear. One possibility
is that the new scalar boson is responsible for the breakdown of a new gauge symmetry,
and gives a mass to a new gauge boson, Z ′.
In this paper, we studied implications for the Z ′ of the potential diphoton excess with
a specific example of the 750 GeV data of late 2015 [1, 2]. We discussed the scenario using
a popular B − L gauge symmetry together with the idea of gauge coupling unification.
In particular, we investigated the model including squark-like particles, which not only
realize the gauge coupling unification at the GUT scale, but also enable the new 750 GeV
scalar s to be produced by the gluon fusion and to decay into diphoton. A large number
of colored exotics are necessary in this scenario in order to fit the 750 GeV diphoton cross
section and to satisfy the current Z ′ mass bound. We find the model with ten copies of
Q˜, U˜ and D˜ viable. We assume the scalar is also responsible to the masses of these colored
scalar particles. The B − L is well motivated in this scenario as it prevents too a fast
proton decay mediated by the squark-like particles just as the R-parity or its gauge origin
B − L does the same task in the supersymmetric models. It is natural to consider that
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the B−L gauge coupling constant is also unified at the GUT scale, and this expectation
allows us to predict the value of the B − L gauge coupling constant at low energies. On
the other hand, the cross section of the pp→ s→ γγ is sensitive to the scale of the U(1)
symmetry breaking. By putting both the gauge coupling unification and the diphoton
signal together, we found that the mass of the Z ′ in our scenario is expected to be slightly
beyond the current limit. In a more general case, in which the colored exotic scalars get
the masses not only from the 750 GeV scalar, but also from the non-zero bare mass terms,
our results for the Z ′ mass serves as an upper bound. Thus, the Z ′ in this scenario is
likely to be discovered at the LHC Run 2 experiments.
As our study illustrates, it is important to keep it in mind that a discovery of a new
scalar boson would suggests a possible new gauge boson of the same scale which can be
searched for at the LHC experiments. Thus the search for a new gauge boson at the LHC
experiments would be highly motivated afterwards.
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